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Nonsequential Double Ionization of Molecules in Counter-Rotating Two-
Color Circularly Polarized Laser Fields

Guo Zhen, Bai Lihua’, Liu Keying, Shen Yanwen
Department of Physics, College of Sciences, Shanghai University, Shanghai 200444, China

Abstract Nonsequential double ionization (NSDI) of N, molecules in counter-rotating two-color circularly polarized few-
cycle laser fields is investigated by the classical ensemble method. The results show that for the determined laser intensity,
the yield of NSDI decreases significantly with the increasing laser wavelength, which is caused by the diffusion effects of
electron wave packets. It is also found that the ionization mechanism of NSDI is affected by the laser wavelength.
Collision excitation ionization becomes increasingly dominant with the rising laser wavelength, which is related to the
return trajectory and return energy of the first electron. At the same time, the electron momentum distribution of NSDI is
discussed in this paper. The electron momentum distribution varies significantly with the laser wavelength, and the longer
laser wavelength leads to clearer "rotating three-lobed fan-like" structures.

Key words atomic and molecular physics; nonsequential double ionization; counter-rotating two-color circularly polarized

laser fields; collision excitation ionization; classical ensemble method; momentum distribution

BEMOE T B BOR E I TR RO R i,

15l = SO 9 5 1 5 2 I 2 1 ) A B O 15 5 % 2 A

AR JR 700 T B Rl k8, b sk ot 5
VI A BAE I AZ 80 T )2 0 RIEOE S5 Y 2 ()
B A AR 2 AR AR 2 AR MO 4, £ T
F N =R =R @1 31 SN R 1 & i D W |95 2 11 D
HEL 2 (NSDI) " 48 . NSDI P14 o 0F 75 9 Bl i 2 10 o
FORBRME AL TRF ST . 1992 4, Fittinghoff %
MRS K T NSDIM R WA TE , Z 5 K
R EE RS Y TR S X — IR T R T T .

NSDIJE R 784 7 et ot b & A —Fp —
WIS R Tl — T — T

i X — A A ) B R, NSDIE)
FL 5 HIL I oA G 4R 8 % R (RID) G 988 980 % S B0
B(RESD'™™. RIE#MOCE BN E T — 1/
F) AR [n]BR A BT 5 R A R A AR L R R A — A L A
BT R RE R, BT LSRR K AR R B R R A
H o5 — AN T O AN ) B B, X R e B ML oh
B H A R T i RESTE 8 0t
Yy B 0 i O3 — AN 7 ) R [l B S5 R 2 A
flf 8, H 2 R R 28— A A R A R R L LR B
RS — PR AR )R, HEEKSE 4w

Wis HHE. 2022-03-16; B BHI. 2022-05-07; FHABEEI. 2022-05-23

BEEWH: LT A KRR 4 (18ZR1413600)
#E1EE . 'Thbai@163. com

2102002-1



TR BNOR A  WOE Y Gy v B 38 (A i A e 5 =
AN HL - HL B ORI A A L H S Y B[]
FERE T B G2 TR

it 22 T JUAE NSDIFEHEE FA R T mIEA
FIREFE o AATTRIH B 5RO IR AR O 5
J T4 F 2Z (B AH BAE R 8l ) 24 i B b o, AR
K, Bl FOCE AR W AW KR, AT A 1 B 3ok
U BRAAGHOEHIER TR T4+, Bt @t 5
Yy I R B AR BRI 5T AR OE ok S s gk A W
WO A T R A ORI A T 2 TR S8, W
AEXFAHAL OGRS MR R 2 L A 41 R B 45, nT LA
TR M58 NSDIFTEL & () & P B #2 i
R T 5 FE - S IR AL $8 A3k T — A 1R BRL Y B (4 A5 A
2019 4F , Li %™ SL i iF 57 1 22 88 T X B AP 306 Bk
b L B U T A RO R B . S A, AT
98 T X e R 4R (CRTC) #5063 v 06 3 19 Ik &
Z HE R AR X AR A X NSDI A ) g 20 B 52 = i
OB ARXT NSDI Y 31 J) 27 o8 B8 19 52 i 45 /0 g i 5%

AR AW E R R T N, TR
CRTC #0637 A= NSDI i ot 3 K %F NSDI 7~ &
R, S U R T PR R L B AL REST AN RIT (1 5%

% 42 %5 %21 #1/2022 £ 11 B/}FFR

(2 X 10%,2.4 X 10%,3 X 10,4 X 10,5 X 10*,7 X
10" W/em?) 5% T WO KX NSDI 2w . )5
P32 S50 02 AR B OB R BT, B OB I K B
HRONSDIF =84 B B F RS, X 58 7k
B3 o ) A & B AR FL B i A A TR R R
P bR = T A R T B RITGX Rl ML H
BT Y a3 A DK T G R 4 32 B RESTIX FR
HLH e, 2 A B, B9 0 A X, LB 2 IO D% K B 35 K
RIT E B AL LB A B 76 NSDT Ay Bl Bk R
X5 5 — A HL T 9 R B AR [ RE A G
2 MBIk

AR SR F Y 5 ¥ DA Haan 255248 1) 2 M R 2510
O SR X R R C &Rk iz s HEOL Y
FE 43 F M EAE FH B8 P N4 Y i 2
HA[RRH

Ha(rirss popss t)=Tu(p)+ Vilrz), (D
K eor o AR FALE K p p UERA
HL - 19 B & 5 2 R HL s s B R 1) 5 p Sk RS LT 1R R
i r WP R Z AR

N Y 3 N B S RE 23 9

Wil o BIF YA IO D K S LR 390~2400 nm, REST Al - 7pf+p§ (2)
RIT {9 806 i 5% 2 Lo 1020 $E48 6 A 306 o B N“ﬁf? 2’
Y D e g (3)
) e '(H+R)+a I(H—R)+f
2 2
S 2o H A OB R R T DR O B B U S 20 TN
KA LT B0 B s S T 1 o ﬁﬁzzwﬁL”JU*ﬁm“whjﬁwﬁﬁﬁ’

Zy

N S Sy NI N —Z : o
- (r1+§)u+a2

- %7 o FURCT X LT P

i—1 (rlg)_+a2

D ! IS ESATI IS,

i=1 (7’1*7’2)2+bz

(a=1.15a. u. )M b6(b=0.05a. u. ) A RE, K
¥ 22 B AE 2 7 Lk 1 IR SCRD 4 BT A
WA 7 OG5 v %) 285 i i R R OR N
H=Hy + (ri+r,)E(1), (4)
AT EIR CRTC OS5 Rk 00
E(t)=E,f(z) [cos(w,t)z+sin(w,t)y ]+
E,f(t) [cos(w,t)z—sin(wyt)y], (5)
Kbz yor il oy Jim EMEOCHR Y E R E,
53 2 A 10 A T % R A8 3O L 3 B IR I 5 w04 R w0, 53
S0 Ay T SR AR X6 ) A 25 (AR S e R A G Y Y

T, . AR N R 62 JE 0 8, B N=4, ]Il Bk
Mo AR R . A SO CRTC O 2 30
— A IR OB UR S RIS S AT A
ZIE WA PR hiE

P L 75 063 vh 1942 2 nl3E 3 i) A= 168 2 5
K A, & B A=z 3l o B

dr._0H dp,__oH (6)
de  ap,” de ar, *

WAL A~5 B i e s RIS sk L (6) . AN
SRR GRS B o A BT I 1 R s N 1
HONIE, Z AR T O E R R K Y B A E
447 R 2 i oy A e e B, AR R0 UG R 25 SR E ALK
Y6, B A T 7R G SR E 3 B R LR ST i T
A=Y QUIESY O R o ¢ I QUIEAY i s N o
A HOEE 5 S RE W R ER K T 0, kil — R BUHL B
=,

3 LR IE

AN SC3H I BUE AL LS B AE CRTC #0637+ NSDI
Y P2 B O I K B9 R AR, I 1 AR . T A R i 2

2102002-2



40 % 21 H9/2022 £ 11 B /2R

Ratio of yield to number of
events per run
(=]
(=]
Do

—#— 2X 10 W-cm2
—6— 24X 104 W-cm2
—— 3X 104 W-cm2
—8= 4X104 W-cm™
—$— 5X 104 W-cm
—©— 7X10¥ W-cm™

0 L 1 1
4/8 5/10  6/12

714

8/16 9/18 10/20 11/22  12/24

Wavelength /(102 nm)

1 {8 CRTC HOES A WO 58 B N, 768 R BOE 3K T NSDT i ™
Fig. 1 Yield of NSDI for N, at different laser wavelengths with different CRTC laser intensities
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Fig. 2 Electron trajectories at different laser wavelengths for two laser intensities. Electron trajectories of combined fields with
wavelengths of (a) 390 nm and 780 nm, (b) 700 nm and 1400 nm, and (c¢) 1000 nm and 2000 nm, respectively, in CRTC laser

field with laser intensity of 2 X 10" W/cm®; electron trajectories of combined fields with wavelengths of (d) 390 nm and

780 nm, (e) 700 nm and 1400 nm, and (f) 1000 nm and 2000 nm, respectively, in CRTC laser field with laser intensity of

5X10" W/cm?
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Fig. 3 Momentum distributions of N, at different laser wavelengths in CRTC laser fields. Momentum distributions of N, of combined
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